The electrical potential (g, across the cytoplasmic membranes of Staphylococcus aureus cells growing under aerobic and anaerobic conditions was determined by measuring the equilibrium distribution of [3H]tetraphenyl phosphonium. In conjunction, gentamicin uptake and killing were studied in the same cells under identical conditions. Under aerobic conditions, A4 was -169 mV, gentamicin uptake was readily demonstrable, and the number of viable cells decreased by almost four orders of magnitude in the presence of antibiotic. In contrast, A4 was -142 mV anaerobically, gentamicin uptake was essentially nonexistent, and the aminoglycoside had no effect on viability. Remarkably, when the ionophore nigericin was added under anaerobic conditions, A* increased to the level observed aerobically, gentamicin uptake tripled to about 18% of the aerobic level, and viability decreased by one order of magnitude. The results are consistent with other observations (Mates et al., Proc. Natl. Acad. Sci. U.S. A. 79:6693-6697, 1982), indicating that the relationship between A4 and gentamicin uptake is gated, and suggest that diminution of A4s may be an important factor in aminoglycoside resistance under anaerobic conditions.
The electrical potential (g, across the cytoplasmic membranes of Staphylococcus aureus cells growing under aerobic and anaerobic conditions was determined by measuring the equilibrium distribution of [3H]tetraphenyl phosphonium. In conjunction, gentamicin uptake and killing were studied in the same cells under identical conditions. Under aerobic conditions, A4 was -169 mV, gentamicin uptake was readily demonstrable, and the number of viable cells decreased by almost four orders of magnitude in the presence of antibiotic. In contrast, A4 was -142 mV anaerobically, gentamicin uptake was essentially nonexistent, and the aminoglycoside had no effect on viability. Remarkably, when the ionophore nigericin was added under anaerobic conditions, A* increased to the level observed aerobically, gentamicin uptake tripled to about 18% of the aerobic level, and viability decreased by one order of magnitude. The results are consistent with other observations (Mates et (14) . It has also been suggested, however, that electron transport per se is necessary for aminoglycoside uptake (5) (Difco Laboratories) . Control studies were done with and without 0.5% (wt/vol) glucose supplementation, and no differeice in gentamicin uptake was found under either aerobic or anaerobic conditions. All experiments were carried out at the nonadjusted pH (6.5) of the anaerobic experiment after incubation with hydrogen and carbon dioxide generator envelopes. Hydrochloric acid was added to the aerobic experiments to reach pH 6.5. Heart infusion agar (Difco) was used.
Bacterial growth and protein determination. Experiments were carried out at 38°C either aerobically in a rotary shaker bath or anaerobically in a GasPak (BBL) jar modified in such a way that the contents of a flask inside the jar could be sampled through an airtight, rubber-stoppered glass conduit. The anaerobic atmosphere was created with hydrogen and carbon dioxide generator envelopes (GasPak). Bacterial cultures were grown and split, and one sample was put into the anaerobic jar and then grown further until it reached the logarithmic phase of growth. Anaerobic and aerobic experiments were carried out as nearly simultaneously as possible.
Absorbance readings were measured with a Coleman spectrophotometer (model 6-20/A) at 600 nm. Cells were determined to be in the logarithmic phase of growth by linear absorbance with time before the addition of radiolabeled solute.
A linear relationship (y = 0.00625x -0.017; where x is equal to protein [in micrograms per milliliter] and y is equal to absorbance at 600 nm in nutrient broth containing 0.1% [wt/vol] yeast extract) was found between absorbance readings (from 0.05 to 0.20 nm) and bacterial protein (in milligrams per milliliter), as determined by the method of Lowry et al. (12) , with crystalline bovine serum albumin as the standard. During experiments, absorbance readings were taken at regular intervals, and bacterial protein was subsequently calculated. Bacterial densities (in CFU per milliliter) were determined by standard pour-plate techniques in heart infusion agar. Control experiments with and without pH adjustment of the agar to pH 5.5 (to inhibit gentamicin carry-over) demonstrated no difference in observed bacterial density; subsequently, the heart infusion agar was not pH adjusted.
Gentamicin uptake.
[3H]gentamicin (5 ,ug/ml [10 ,Ci/mg]) was added to cells in the logarithmic phase of growth at a density of 15 to 40 ,ug/ml of protein, and 5-ml portions were sampled with glass microfiber filters (GF/C; Whatman, Inc.). Filters were washed with 5 ml of 0.9% NaCl. Control experiments demonstrated no difference between 0.9 and 3% NaCl washes. Filters were then dried and counted by liquid scintillation counting in a toluene-based scintillation fluid. l&* has been well described in several bacterial species, including S. aureus (7, 11, 13 
RESULTS
Effect of anaerobiosis on the magnitude of A* with and without nigericin. To investigate the relationship between anaerobic growth and the magnitude of A,, we measured A4 under anaerobic and aerobic conditions. In addition, the effect of nigericin on lA was measured. Nigericin is an ionophore which causes an electroneutral exchange of K+ (and Na+) for H+, thus collapsing ApH with an increase in A4i and relatively little effect on the magnitude of AfH+ (17) .
The data in Fig. 1 represent a typical accumulation of TPP+ (26 ,uM) in the logarithmic phase of growth of S. aureus 86 under aerobic and anaerobic conditions. When A* was calculated as described in Materials and Methods, average aerobic AVi was -169 mV (n = 3; standard deviation, 14) , and average anaerobic A* was -142 mV (n = 3; standard deviation, 12). The average difference between Aj measured aerobically and anaerobically was 27 mV.
The data in Fig. 2 and aerobic effects of added nigericin on the magnitude ofA-at.pH 6.5. When nigericin was added, aerobic A* was not measurably chang, but anaerobic, A*4 was increased to the aerobic level. Nigericin at this concentration had no effect on cell growth (see Fig. 4 (Fig. 4) and was accompanied by killing of the organisms. This uptae averaged 3.5 ,g/mg of protein (n = 6; standard deviation, 0.7) and was accompanied by an average 1.1 log10 unit killing (n = 8; standard deviation, 1.1). The mal anaerobic uptake after additio of niericin averawed 18% of the maximal aerobic uptake at the same pH (6.5). us cells under anaerobic conditions is lower than that under aerobic conditions, an observation in accordance with previous data (11) , and that raising the magnitude of this membrane potential with nigericin induces gentamicin uptake and killing. This evidence for the role of A* in gentamicin uptake and lethal effect is further supported by data obtained under aerobic conditions. We have shown that at acidic external pH, at which A* is reduced, gentamicin is not taken up. Either raising external pH (which increases A4,) or increasing A* by the addition of nigericin at acid external pH is associated with gentamicin uptake and killing. Furthermore, addition of valinomycin, an ionophore which collapses A+, at alkaline pH abolishes gentamicin uptake and killing (13) . In addition, the ATPase inhibitor N,N'-dicyclohexyl carbodiimide, added to subinhibitory concentrations of gentamicin, induces uptake (14) . N,N'-Dicyclohexyl carbodiimide is a carboxyl reagent which binds to the Fo portion of the H+-ATPase, blocking proton conductance (19 
